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Abstract. Prefab modular construction approach is a well-established volu-
metric structural product through off-site prefabrication at factory. Modular
construction approach builds conﬁdents to promote sustainability in construc-
tion industry development and is beneﬁcial to the environment ecosystem. The
study explored and discussed on various non-structural perspective of IBS
modular construction in Malaysia. The study aims to investigate the importance
of the implementation of IBS modular construction in Malaysia as rapid efﬁcient
construction process and poised to help the Malaysia construction industry grow
to solve the housing demand impacts. The study presented the deﬁnition, pre-
fabrication technology, history, beneﬁts, barriers and issues, application and
characteristics of modular construction in the Malaysian construction industry
through literature review. Based on the literature reviewed, the existing IBS
practices in Malaysia is still low in application and modular construction
practice currently had gained popularity worldwide and been proven as rapid
and efﬁcient construction method in IBS trend. Therefore, the existing IBS
practices in Malaysia must be strategized towards more efﬁcient and rapid
construction method due to its numerous beneﬁts and characteristics. The
ﬁndings of this study will contribute to the transformation of existing con-
struction practices to modern modular construction approach and proposed the
future study on modular construction in structural perspectives.
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1 Introduction
Prefab is an architecture in building construction industry which had gained its pop-
ularity worldwide. Prefab is an evolutionary process but not revolutionary that was
based on the successful and unsuccessful experiences [1]. The prefab history started in
1624 which ﬁrst prefab house was completed and transported from England to Cape
Ann [2, 3]. Modular construction is deﬁned as off-site prefabrication in three-
dimensional volumetric construction and modular building system where the structural
components prefabricated by manufacturer and transported to site in ready-cut building
components for erection [4–9]. Modular construction was used as the soldier’s portable
shelter solution during World War II and as intensive demand of housing after World
War II in the United State since it was developed in 1940s [6, 8, 9]. Modular con-
struction is based on rapid construction concept comprised of various technologies in
two orders namely 2D frame system and volumetric elements in 3D [8].
IBS is Malaysia’s local term to describe the use of automation, mechanisation and
prefabrication of components for the local building industry [9]. IBS is characterized by
its higher quality, faster jobs, increased proﬁtability and the construction process which
adopt prefab concept using standardised building components that aremass-produced in a
factory ready for installation, transported and erected at site using suitable machinery and
equipment with minimal workers with proper connection system [9–13]. The imple-
mentation of modular construction is proven to improve productivity, quality, efﬁciency,
safety and health, speed up project duration, flexible, economically and promotes sus-
tainable construction industry [5]. Prefabrication, pre-assembly, modularization and IBS
are terms used to describe technologies advancement for rapid building construction [10].
This study aims to outline the importance of the implementation of IBS modular
construction in Malaysia through the literature review. As the researcher’s concern, the
current implementation of IBS status in Malaysia construction project is low, despite its
numerous beneﬁts [9, 14]. The current IBS practices in Malaysia are more focused on
piece-by-piece erection method for precast building components and then followed by
services installation at site. Moreover, the revolution in building construction industry
nowadays has transformed to the precast 2D or 3D volumetric rapid modern con-
struction method which consists of various technologies. Due to this, the industry’s
mindset towards IBS modular construction in Malaysia must be changed [14]. The
Malaysia government had driven the strategic planning in providing training and skills
to the stakeholders. It is hoped that this will help to improve the workers knowledge,
productivity and skill in modular construction adoption and thus beneﬁts the stake-
holders eventually. The rapid construction ignores the manufacturer time while site
erection time is counted into construction period. The erection period of precast
modules in complete volumetric unit is highly subjected to the joint design and erection
principle. It is hoped that the current construction industry practices can be strategized
and improved towards the government expectation with rapid, efﬁcient and sustainable
delivery construction environment.
This paper is expected to beneﬁt the Malaysia construction industry in facing the
housing demands issue within a short period at urban areas. This will help in improving
the existing practice at construction site. The study will also contribute the new idea in
precast IBS modular construction as sustainable delivery construction approach since
this construction method is getting popular and capable to speed up the construction
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project completion period. Recent researchers’ had come out with supporting fact that
modular construction is an efﬁcient construction process and poised to help the growth
of construction industry [15]. This will help in transforming the existing IBS practice to
the more efﬁcient and rapid modular construction practice which will beneﬁt the
community and stakeholders.
2 Prefabrication Technology in Malaysia Construction
Industry
IBS is the construction technologies, either offsite or onsite, involving the process of
planning, designing, fabricating, transporting and assembling of building components,
elements or modules for rapid assemble faster than traditional on-site construction with
reasonable cost and quality [16–19]. This is an integration approach within the con-
struction process which includes the production of prefabricated components, trans-
portation of components and site erection techniques [20]. The IBS characteristics refer
to open system, closed system, modular coordination, standardisation and tolerances,
mass production, specialisation, stakeholders integrated coordination, production
facility development, transportation, machineries and site erection equipment [10, 21].
The ﬁnal products include componentized, panelised, and modularized elements [17].
Constructability, site logistics and fabrication process are the design concerned for off-
site construction [19]. Offsite construction is that the prefabrication elements or parts of
structures constructed in factory, then transported and assembled on-site while onsite
construction is that the building blocks and parts of structures takes place directly on
site [16]. There are two main IBS classes namely open system which standardized
components, flexibility and design diversity, and closed system, which the element
need speciﬁc made in factory [13]. In structural aspect, it can be divided into ﬁve key
aspects namely precast concrete framing, panel and box systems, formwork systems,
steel framing systems, prefabricated timber framing systems and block work systems
[13]. The IBS classes, identiﬁcation, structural aspects, systems deﬁnition and utili-
sation of IBS is summarised in Table 1.
The IBS implementation since early 1960s unfortunately found to be inappropriate
for Malaysia’s climate due to imported materials and method used will cause leakage
and gaps in walls that came to light and currently the construction using IBS is slower
than expected [9, 14, 22, 23]. Thus, in 1990s, prefabricated components had been
applied to IBS as new approach and recently followed by sustainable green materials
after Paris climate summit 2016 as speciﬁed in second IBS roadmap for sustainability,
quality, efﬁciency and competency achievement [9, 24]. The Industrialised House
Technologies was launched to lay down the scene of Modular IBS in Malaysia [5]. Due
to the numerous beneﬁts, Malaysian IBS suppliers and construction companies have
created their own project teams for this industry, investment and innovation work [9].
Recent developments in modular volumetric or 3D printing have transformed to precise
customisation of components as ideal construction industry with cheaper price and big
size volume [9]. In September 2015, the Construction Industry Transformation Pro-
gramme (Year 2016–2020) was launched in Malaysia with four strategic thrusts in
which productivity was highlighted as signiﬁcance key component of IBS [9, 25].
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2.1 Characteristics of Modular Construction
Modular construction currently is the most capable construction technique, by com-
bining various technologies to achieve, rapid construction and automation in con-
struction industry development worldwide [10]. Modular construction is an off-site
fabricated modules process in three dimensional volumetric units, modular building or
system under controlled environment, same materials and design codes as conventional
built facilities in modules form for site built facility when integrated on site [2, 6, 10,
15, 18, 26]. Modules involve three dimensional volumetric or box sections, multi
section units, and stack-on units by using light gauge steel frame, timber frame, con-
crete, and composites materials that are commonly referred to pre-assembled pods, and
been designed to be easily disassembled, moved and repositioned, where the module
size is a factor of module location in the building, manufacturing constraints, and
transportation limitations [2, 18].
Modularity concept consists of three different perspectives that are product, pro-
cess, and supply chain between construction and manufacturing [15]. In construction
industry, product refers to mix of components and spatial voids, module not complex
and the supply chain is temporary multi-organizations for speciﬁc purpose of delivering
a construction project [15]. Modular construction is widely used in low-rise buildings
and recently multi-storey and even in high-rise construction with reinforced concrete or
metal frame [10]. Modular high-rise buildings require a central structural core with
three types of structural solutions, which are fabricated modular structure similar to
ordinary modulus, fabricated reinforced concrete and composite system [10]. Modu-
larity products is the key elements of mass customisation strategies as it uses a set of
similar components modules to build a wide range of dwellings to improve the house
building industry performance [15].
The application of modular construction can be either in permanent or relocate-able
construction. Moreover, it is an innovative, offsite, lean manufacturing techniques,
higher quality control, single or multi-story modules section, integrated or stand alone
system as turn-key solution with the delivered forms in mechanical, electrical and
plumbing ﬁxtures and interior ﬁnishes [15]. This construction method produces less
waste, faster completion time and sustainable construction delivery [6, 15]. Modular
buildings are relocate-able, moveable and flexible building which is a partially or
completely assembled building complies with applicable codes or state regulations that
constructed in a building manufacturing facility by modular construction process [6,
15]. It is designed to be reused or repurposed multiple times and transported to different
building sites and utilized for temporary space need [6, 15]. Thus, the raw materials
demand and energy created to meet new need was reduced.
There is a need for early consideration for logistic transportation, storage and
erection planning due to the size and weight of modular unit. The modular unit is not
practical for storage and but must be installed immediately to the designated location
[6]. Modular construction eases renovation work by just selecting and adding suitable
modular units for the renovation project, and then installing the selected units into the
existing building [6]. Besides, the well coordination, planning, and communication at
the project early stage between the stakeholders must be developed to obtain good
result for the ﬁnal project. This is because any amendment in the middle stage of the
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project including services, mechanical and electrical parts will cause problem to the
modular construction and will be costly.
Beside, the connections system between the modular units must be carefully
considered by the parties that are involved the project at the early stage in design [6].
This is because the overall stability of the modular unit is subjected to the joint design.
Due to this, the joint rigidity and their performance in structural perspective must be
inspected both in the factory and on-site for safety. As engineer concerned, the ease of
joint method used will influence the construction completion time where the erection
time at site is encountered for rapid modular construction nowadays in construction
industry worldwide. The modular construction signiﬁcantly reduces site disruption, and
vehicular trafﬁc, and improves overall safety and security due to approximately 80% of
the building construction activity done in factory [2, 15]. Construction of modular
buildings occurs simultaneously with building site work, allowing projects to be
completed in half of the time required by traditional construction method [6]. The
comparison between modular construction and conventional construction schedule was
shown in Fig. 1 [6, 15].
Structurally, the modular buildings are stronger than site-built construction because
each module is engineered to independently withstand the rigors of transportation and
craning onto foundations [15]. Manufacturing facilities have strict quality control
programs with independent inspection and testing protocols that promote superior
quality of construction [6]. The modules become one integrated wall, floor, and roof
assembly once been put together and sealed [15]. Building offsite method ensures
TIME 
SAVINGS 
Modular Construction 
Time Frame
Site-Built Construction 
Time Frame
Design & 
Engineering
Site Devel-
opment & 
Foundation 
Plant Con-
struction
Install & 
Site Res-
toration 
Site restoration Building Con-
struction
Site Devel-
opment & 
Foundation
Permits 
& Ap-
provals
Fig. 1. Comparison between modular construction and conventional construction schedule [6,
15]
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better construction quality management. There are three types of modular construction
methods applied in high rise building construction namely core method, combination of
core and podium method and modular in-ﬁll method [27].
2.2 Prefab IBS Modular Construction Beneﬁts, Issues and Challenges
in Malaysia
Nowadays, modular construction naturally achieves the sustainability in the built
environment with numerous applications of modular building solutions which beneﬁts
from the ease of use and flexibility [16, 28]. Beyond quality management and improved
completion time, modular construction offers numerous other beneﬁts to owners which
include removing approximately 80% of the building construction activity from the site
location [22]. The beneﬁts of modular construction as mentioned by previous
researchers are speed assembled [2, 6, 10, 17, 22, 29], enhanced productivity [6, 16,
29], high quality and safe working environment [2, 10, 16, 17, 22, 29, 30], better
architectural appearance [16], vehicular trafﬁc [22], new technologies testing [10, 30],
innovative [22], efﬁcient and cost-effective [16, 17, 22], rapid construction [10, 16],
reduce overall cost [2, 16, 29], greater flexibility and reuse [22], enhanced durability
[16], better engineered building and Building Information Modelling [22], economies
[27], customization [27], environmental friendly and sustainability [2, 6, 10, 17, 22,
29, 30].
The adoption of prefabricated components has faced barriers such as the
unattractive perception from the public, unstable and difﬁculty of coordinating delivery
system, lack of integration into the design process and the use of shipping containers in
modular construction has led to the misconception of modular construction [9]. The
prefabricated modular structural components will be influenced by control distortion
and buckling, transportation and manufacturing [19]. The lack of consensus on the
conceptualization of product modularity and the differences between the construction
and manufacturing industries were two main difﬁculties identiﬁed in the dissemination
of modularity concept in the building construction sector [15]. This issue indicated that
the importance of coordination, communication and planning in the early stage
between the stakeholders to avoid amendment in the middle stage and reduce the
project cost and hence convince the stakeholders adopt modular construction.
The implementation of prefabrication technology in Malaysia housing sector must
be enhanced and strategized due to the low level of application in construction industry
which was 42% of government projects and 70% of private projects in 2015, 69%
government projects and 14% private sector [23–26, 31]. High initial cost, low proﬁt
margin, leakages, low quality, production delay, logistic problem, coordination,
unskilled workforce and components erection problem were the barriers identiﬁed for
Industrialised Building System modular construction implementation [31]. Modulari-
sation and standardisation in building processes is currently keen promoted by
Malaysia Construction Industry Development Board [9]. The education, training,
computerisation and robotics currently play important roles in construction industry.
According to A. Idris, the Industrialised Building System adoption issues and barriers
revolve around the lack of expertise, transitional shift, ﬁnancial, limited enforcement
and industrialization objective [23]. Due to this, tax incentive, introduce quality
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control, research and development, and training programmes to increase uptake were
introduced [9].
The challenges faced by the communities worldwide are more on the quality
housing. According to Elena, there are 26 out of 34 megacities worldwide facing
urbanisation wave, slums and unplanned development [10]. The Malaysian govern-
ment has targeted 4,964,560 units of houses to be built between the years 1995 and
2020 [26]. In year 2005, the statistics showed that every third habitant of a city lived in
unfavourable conditions and projected about 35 million apartments a year to be built to
fulﬁl the urban housing demand [10]. In Malaysia, the population growth and urban-
isation will lead to high demand of affordable housing issues [32]. Based on these facts,
there is a need to change the existing IBS practices to the proven efﬁcient and rapid
modular construction as proved by China to construct ﬁfty-seven story skyscrapers
apartment within 19 days in 2015 [2].
The urban population growth in Malaysia is projected approximately to be 74.3%
of total population in 2015 which will lead to an increase in demand for housing,
infrastructure, education, and health facilities at urban area [33]. Moreover, the
Department of Statistics Malaysia in 2016 has projected that the Malaysia population
growth will achieve 41.5 million in year 2040 with 37 million and 87% Malaysian live
in urban areas by 2050 [34, 35]. This statistics projection ﬁgures show the impact on
housing demand and rapid construction method is needed to overcome it. The
demographic research analysis carried out by the Malaysia Central Bank annual report
in 2015 mentioned on the unaffordable housing price increase in all major cities in
Malaysia [36, 37]. Therefore, prefab modular construction will serve as the new
direction of construction technology to produce houses within short period.
3 Discussions
Based on the reviewed ﬁndings, previous Malaysia researcher’s was more focused on
the non-structural perceptive of IBS construction. The adoption of IBS approach in
Malaysia is still low even though it has numerous beneﬁts to the construction industry.
Because of this, the implementation need to be enhanced and strategized to be sub-
jected to local climate and issues identiﬁed. The Malaysia population growth facts
indicate that the high demand of housing trend at urban areas will be the challenges for
local construction industry. The existing construction practices cannot afford the high
housing demand based on current construction ability trend. Due to this, the existing
IBS practices need to be transformed toward a more efﬁcient and rapid construction
approach by using modular construction and Malaysia government had launched the
Industrialised House Technologies to lay down the scene of IBS modular construction
in Malaysia. China had adopted the modular construction and proved to complete the
ﬁfty-seven storeys, 800 unit skyscraper apartments within 19 days [2]. This will be the
efﬁcient and rapid construction model in precast construction industry worldwide.
The prefabrication technology with modularity and standardisation in building
processes will be superior in providing the safe and quality houses within the short
period and this method is flexible, sustainable delivery environment and relocate-able.
Modular construction is a proven IBS new technology with the prefab modules done
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approximately 80% in factory with services attached and erect at site to the speciﬁc
location with crane. The rapid completion of the project is encountered by the erection
time at site while the prefab time in factory is normally ignored. The prefab modular
construction must have efﬁcient connection system to allow ease erection between the
modules. Therefore, the joint of the precast modules must be carefully designed to
produce safe and withstand modular unit totally. Due to this concern, there is a need to
conduct the future study on the modular construction joint in structural perspective.
4 Conclusion
Based on the literature review ﬁndings, these are the conclusions drawn for the studies
as stated below;
1. Prefab IBS modular construction technique was proven efﬁcient, rapid and sus-
tainable construction delivery.
2. The existing IBS practice adoption in Malaysia has to be im proved, transformed
and strategized to achieve better construction project outcome.
3. Communication, planning and coordination between the stake holders in project
early stage is the key success factor for project success.
4. Structural perspective study needed to provide safe, withstand and more compre-
hensive modular construction system in future.
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